
v) 
t- 
8 

X 
0 
d 
W 
x 



Final Report fo r  
Airborne Range and Orbit 

Determination System 

4126-6001-Ru-000 8 November 1963 

Volume I1 
Vehicle Tracking Transmitter 

a 



TABLE OF CONTENTS 

Page 

2. VEHICLE TRACKING TRANSMI!I!'ER 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

Function of Equipment 

Description of Equipment 

Theory of Operation 

2.3 .1  Circuit Diagram Analysis 

2.3.2 Power Distribution 

2.3.3 Temperature Control 

Special Tools and Test Equipment 

Maintenance 

2.5.1 Maintenance Precautions 

2.5.2 Alignment Procedure 

2.5.3 Trouble Shooting 

Calibration Curves 

Engineering Drawings 

Parts List for Vehicle Tracking Transmitter 

2-1 

2-1 

2-1 

2-2 

2-2 

2-4 

2-5 

2-5 

2-5 

2-6 

2-6 

2-10 

2-11 

2-19 

2-19 



2. VMICLE TRACKING TRANSMITTER 

2.1 Function of Equipment 

The Vehicle Tracking Transmitter is an all solid-state unit that can drive 
a power amplifier or feed an antenna directly. 
of a carrier at approximately 2200 MHz and four ranging tones phase modulated 
onto the carrier within the transmitter. 
rate information and the tones permit the determination of the range from an 
orbiting spacecraft to multiple transponders located on the earth. 

The transmitted signals consists 

The carrier is used to provide range 

The transmitter is normally used with the Vehicle Master Oscillator and 
Frequency Synthesizer (MOFS). The MOFS provides the RF drive signal frequency 
of approximately 71.138 MHz, and the transmitter provides a coherent output at 
32 times the input drive frequency. 
tones at frequencies between approximately 2.27 to 2.342 MHz to phase modulate 
the carrier. 

2.2 Description of Equipment 

The MOFS also provides the four ranging 

The Vehicle Tracking Transmitter employs all solid-state components and is 
designed to operate between 2200 to 2300 MHz with a minimum output of 2.0 watts 
into a 50 ohm load. It is a coherent transmitter and therefore requires an in- 
put drive signal between 68.75 to 71.56 MHz at 10 milliwatts, - 1 db. 
drive signal is provided by the Master Oscillator and Frequency Synthesizer. 

modulation 

+ 
0 

This 

The transmitter is capable of being phase modulated by four 
tones between 2.27 to 2.34 MHz at an input power of 10 milliwatts. 
fou r  modulation signals are independently adjustable such that each tone can 
phase modulate the carrier at an index between 0.4 to 1.5 radians measured at 
the transmitter output, The four modulation tones are provided by the Master 
Oscillator and Frequency Synthesizer. 

Each of the 

The dc input power consists of 30.0 volts at approximately 1.1 amperes. 
It is possible to operate the transmitter at input voltages between 28 to 32 

volts, however, the test monitoring points have been calibrated for an input 
of 30 volts. 

Test Monitor signals are provided for monitoring the transistor current 
in each stage, the various signal inputs, and the power output of the trans- 
mitter. 
the dc input voltage) and are convenient for  continuously monitoring the 

These points provide a conditioned dc voltage (with the exception of 
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transmitter performance while it is operating. 
Test points are indicated inside the transmitter at various stages and 

and may be correlated with this manual to expedite trouble shooting. 
The transmitter has been designed such that it can be mounted in any 

position. However, care must be taken to insure that the baseplate of the 
transmitter does not exceed the design temperature limits of O°C to +6OoC. 

2.3 Theory of Operation 

2.3.1 Circuit Diagram Analysis (Refer to drawing A10,OOl) 

The purpose of the Buffer Amplifier is to provide isolation be- 
tween the transmitter and the WFS. The RF input signal from the MOFS unit 
at a frequency near 71.1 MHz is fed directly to the Buffer Amplifier. This 
unit is a common emitter-tuned collector transistor (2N915) amplifier. The 
input impedance is 50 ohm and the gain is 1 db. The unit is unilateralized 
by feedback from the secondary of Al-T1, The input and output power levels 
are approximately 10 and 125 m,respectively. 

The Buffer Amplifier drives a push-push varactor doubler. The 
symmetrical doubler configuration is used here because of its isolation 
characteristics between input and output frequencies, and also because of 
its design alignment simplicity. 
~ ~ 1 6  & Al-Cl7) so as to minimize the fundamental frequency component at 
the doubler output. 

0 
A trap is included in the unit (Al-L3, 

The doubler efficiency is approximately 5@. 
The output of the varactor doubler (at approximately 142.2 MHz) 

The phase modulator consists of a 2N1493 drives the phase modulator stage. 
transistor common emitter-tuned collector amplifier whose output tank circuit 
impedance is phase modulated by a pair of varactors. 
produced by the variation of capacitance across the tank circuit causing a 
change in the phase of the circuit impedance. 
applied at the junction of the two varactors by the summing or Adder Ampli- 
fiers. The gain of the phase modulator is 7.6 db. 

Phase modulation is 

The modulation voltage is 

. The four (4) range tone signals between approximately 2.27 to 
2.34 MHz are applied to the input of their respective Adder Amplifiers. 
amplifier has a gain adjust control to independently vary the phase modulation 
index. 

Each 
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The output of t he  phase modulator stage i s  connected t o  the dr iver  

The dr iver  stage consists of a 2 ~ 2 6 3 1  t r ans i s to r  common amplifier stage.  

emitter-tuned col lector  amplifier w i t h  a power gain of approximately 5.1 db. 

The power output of t h i s  stage i s  nominally 1.0 w a t b s .  

The dr iver  amplifier output i s  fed t o  the intermediate power ampli- 

f i e r .  

emitter-tuned col lector  configuration. 
5.7 db, yielding an output power of  3.8 w a t t s .  

This stage consis ts  of a ~ ~ ~ 2 6 0 0  power t r ans i s to r  connected i n  a cormon 

This stage has a power gain of about 

The f i n a l  power amplifier consis ts  of th ree  ~ ~ ~ 2 6 0 0  power t ran-  

s i s t o r s  connected i n  a pa ra l l e l .  

of the three power t r ans i s to r s .  

approximately 5.3 db and produces 12.6 watts output. 

Close symmetry i s  maintained by careful  layout 

The f i n a l  power amplifier has a power gain of 

The f i n a l  power amplifier stage drives a push-push varactor doubler. 

The push-push doubler contains a pair  of MA 406U varactors.  
eff ic iency of t h i s  stage i s  about 80$. 

The conversion 

Output of the first doubler stage (at approximately 284 MHz) is  then 

cascaded t o  an iden t i ca l  push-push doubler. 

MHz with a typica l  conversion efficiency of 72.5%. 
nearly iden t i ca l  i n  design, they are packaged i n  one module, referred t o  as the 

first quadrupler . 

The output of t h i s  stage i s  at 567 
Because the two doublers a re  

The 567 MHz output s ignal  of the  first quadrupler drives a s ingle  

The output of t h i s  varactor doubler employing a coaxial  resonator s t ruc ture .  

doubler i s  a t  approximately 1136 MHz with a t yp ica l  conversion eff ic iency of 68%. 
The f i n a l  doubler stage also u t i l i z e s  a coaxial  resonator s t ruc ture .  

The output of t h i s  stage i s  a t  approximately 2.27 KMHz with a typ ica l  conversion 
eff ic iency of 6%. Because the last two doublers a r e  almost ident ica l  i n  de- 

sign, they a r e  considered t o  be a single module and referred t o  as  the second 
quadrupler . 

The output from the second quadrupler feeds a double pole band-pass 
coaxial  resonator f i l ter .  
The output of the  f i l t e r  is  a t  the  transmitter output connector. 

function of the  f i l t e r  i s  characterized by the 1 db points being 50 MHz and the  

3 db points 70 MHz,both measured from the center frequency. 

The inser t ion loss of the f i l t e r  is  nominally 0.4 db. 

The t r ans fe r  



. . 2.3.2 Power. Distribueion 

The power: dislxiburtion i n  the  Itr-smitter is ( tabulated as 

) .  follows : 

Buffer 

Doubler 

Phase Modulator 

Driver 

Intermediate Power 
Amplifier 

Final  Amplifier 

L 

- - 
1s t Is t doubler 
Quadrupler 2nd doubler 

Is t doubler 2nd 
Quadrupler ' 

2nd doubler 

F i l t e r  

Dc Power Inpu t (m)  

270 125 

3 60 m~ 

1300 350 mw 

1950-2250 $.O w 

4500-6000 4.0 w 

20,000-22,000 12.5 w 

0 9.5 W min 
0 7 W min 

0 4.5 w min 
0 I 2.5 W min 

0 2 W min 

Vehicle Tracking Transmitter 

Power Budget 
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2.3.3 Temperature Control 

The Vehicle Tracking Transmitter must dissipate a maximum 
of 33 watts of heat by conduction through a base plate. 
supplied by the transmitter manufacturer. 
base plate to be maintained between the temperature limits of O°C to 6Ooc. 
2.4 

The base plate is not 
The design of the unit requires the 

Soecial Tools & Test Eauioment 

The following items (or equivalent) are required to perform minor align- 
ment of the device in the field. 

Power supply (1) Lambda LA2O-O5BM 
Microwave Power Meter (1) 
Microwave Power Meter (1) 
Variable Attenuator (1) 
Spectrum Analyzer (1) Lavoie LA-18M 
Signal Generators (1) 
Signal Generators (1) Hewlett-Packard 606 
Noise & Field Intensity Meter (1) Ebpire Devices NF-105 with 

tuning units from 20 to 1000 MHz 
Noise & Field Intensity Meter (1) Empire Devices NF-112 with 

tuning units from 1-9 KMHz 
Volt -ohm Milliammeter (1) Triplet t 6 3 0 ~ ~  
50 Ohm coaxial cables (6) 
Variable Capacitor 8.5 pf (1) 

Hewlett -Packard 431 
Hewlett-Packard 434 
General Radio 874-Ga 

Hewlett -Packard 608c 

6 feet long fitted with BNC connectors 
JFD, vc206 

Cavity Alignment Tool (1) Provided with transmitter by the 
manufacturer 
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2 .5  Fhintenance a 

HP 434 + Power 
Meter 

vc206 as short 

2 .5 .1  Ihintenance Precautions 

Before energizing the t ransmit ter ,  thc Pollowing precautions should 

be taken. 
2.5.1.1 Check t o  see that the  t ransmit ter  i s  fastened t o  an adequate 

cooling p la te .  This p l a t e  must diss ipate  33 watts of heat. It must be maintained 

between the  temperature l i m i t s  of O°C and +6ooc. 
2.5.1.2 

t o  a 50 2 10 ohm res i s t i ve  load. 
2.5.1.3 

Check t o  see t h a t  the t ransmit ter  output (A8-J6) i s  connected 

Check t o  see t h a t  the  power supply used t o  energize the u n i t  

i s  properly polarized and t h a t  i t s  voltage i s  within specification. 
voltage i s  30 2 2 vol ts .  

to +40 vo l t s  provided the pulse duration is  less than 10 msec, and the pulse 

r epe t i t i on  rate i s  less than 1 pulse per  second. 

The correct  
The transmitter can withstand voltage t r ans i en t s  up 

2.5.2 Aligniient Procedure 
2.5.2.1 Mount the Vehicle Tracking Transmitter t o  i t s  cooling p la te .  
2.5.2.2 Buffer Amplifier 

2.5.2.2.1 Connect an o s c i l l a t o r  (HewleU-Packard 608c or  . 
equivalent)  t o  A 8 - J 1  by means of a 50 ohm cable. 

10 mw C,  W. a t  the  input frequency (71.138 MHz). 
Set  the o s c i l l a t o r  t o  de l iver  

2.5.2.2.2 Disconnect Al-Cy capacitor from the co l lec tor  

of A 1 - Q l  t r ans i s to r .  
2.5.2.2.3 Connect a power meter (Hewlet,t-Packard 434) , t o  the  

co l lec tor  of t r ans i s to r  A l - Q l  through an 8.5 pf var iable  capacitor (JFD, vcz06 or 

equivalent)  as shown i n  Figure 1. 

as short  as 
possible 

- - 
Figure 1 

A1-Q1 
co l lec tor  

ground point as 
close t o  A l - C 5  
ground as posslble 
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2.5.2.2.4 Apply +3O -f 1 vol t  and ground from a power supply 
(Lambda-LA20-05BM or  equivalent) t o  ~8-57.  

2.5.2.2.5 Adjust A1-C1 ,  AI.& and the  capacitor described 
i n  2.5.2.2.3 so as t o  maximize the  power delivered t o  the power meter. 
should be 100 rn minimum. 

The power 

2.5.2.2.6 Disconnect the  power supply. 

2.5.2.2.7 Disconnect t he  power meter from the  apparatus 
described i n  2.5.2.2.3. 

2.5.2.2.8 Disconnect the  osc i l l a to r  from ~ 8 - ~ 1  and connect 

Main- it i n  place of the  power meter i n  the apparatus described i n  2.5.2.2.3. 
t a i n  the  same frequency and power level  at the  osc i l l a to r .  

Devices "-105 or equivalent) t o  ~ 8 - ~ 1 .  
frequency. 

2.5.2.2.9 Connect a noise and f i e l d  in tens i ty  meter (Empire 

Tune the noise meter t o  the osc i l l a to r  

2.5.2.2.10 Adjust A l - C 7  t o  minimize the  power at  the noise 

meter. 
the osc i l l a to r .  

The power leve l  at  the noise meter should be 40 db below the leve l  a t  

2.5.2.2.11 
2.5.2.2.12 

Disconnect the  +3O vo l t s  from ~ 8 - ~ 7 .  
Disconnect the noise meter and the  apparatus 

described i n  2.5.2.2.3 from the transmitter.  Replace A l - C 9  capacitor. 
2.5.2.3 Varactor Doubler 

2.5.2.3.1 Disconnect A1-C20 capacitor from the junction 

of  TP3, ~1-c i8 ,  A l - C l g  and ~ 1 - c 2 6 .  
or  equivalent) t o  TP3 with a 50 ohm cable. 

Connect a power meter (Hewlett-Packard HP434 

2.5.2.3.2 Connect an osc i l l a to r  (Hewlett-Packard 608c 

o r  equivalent) t o  ~ 8 - ~ 1 .  
del iver  10 mw of C.W. at 71.138 M H z , .  

Apply +3O vo l t  t o  ~ 8 ~ 7 .  Adjust the osc i l l a to r  t o  

2 3.2.3.3 Adjust A1-C11,  A 1 4 1 5  and ~ ~ 1 8  capacitors 

t o  maximize the output power. 
the  power meter from TP3. 

Disconnect the +3O vol t s  from ~8-57 .  Disconnect 

2.5.2.3.4 With a 50 ohm cable connect TP3 t o  noise and 
f i e l d  in tens i ty  meter (Empire Devices NE-lo5 or  equivalent) .  

vo l t s  t o  ~ 8 4 7 .  
Reconnect the  +30 

Tune the  noise meter t o  the input frequency. 

2.5.2.3.5 Adjust ~ ~ 1 6  t o  minimize the power a t  the  

noise meter. Disconnect the  +3O volts from ~ 8 4 7 .  Disconnect the noise meter. 



I 

2.5.2.3.6 Connect power meter (Hewlett-Packard HP 434 or  
The equivalent) to TP3 by a 50 ohm came, and repeat 2.5.2.3.2 and 2.5.2.3.3. 

output power should be at least 50 mw. 
2.5.2.3.7 Disconnect +30 volts from A8-J7 and the power meter. 
2.5.2.3.8 Reconnect Al.-C20 capacitor to the junction of 

TP3, ~ 1 4 8 ,  Al-Clg and U-C26 capacitor. 
2.5.2.4 Phase Modulator 

2.5.2.4.1 Disconnect the junction of TP_? and Al-C27  

capacitor from module A2 (Driver). 

equivalent) to TP4 by a 50 ohm cable. 
2.5.2.4.2 Connect a power meter (Hewlett-Packard 434 or  

Apply +3O volt to A8-J7. 
2.5.2.4.3 Adjust A1422 and A l - C Z 7  capacitors to maximize 

the power output. The power level should be at least 300 mw. 
2.5.2.4.4 Disconnect the +3O volt from A8-J7. Disconnect 

Reconnect the junction of TP4 and A1-C27 capacitor to module A2. the power meter. 
2.5.2.5 Driver Amplifier 

2.5.2.5.1 Disconnect the Driver from the Intermediate Pcwer 
Amplifier at the junction of A3-C1, A3-C2, A3-C3, A2-Cl0 and A2-Cll capacitors. 
The A2-Cl0 capacitor terminal opposite to the junction of A2-Cl0, A2-Cll capacitors 
and A3-L4 inductor is designated TP5. 

2.5.2.5.2 Connect a power meter (Hewlett-Packard 434 o r  

equivalent) to TP5 by a 50 ohm cable. 
2.5.2.5.3 Connect +3O volts to A8-J7 and adjust AZ-C1, 

AZ-Cg, A2-Cll and AJt-C2.7 to-mnayinize theJipower! output..l Pqwer level should 

be 1 watt typical. 
2.5.2.5.4 
2.5.2.5.5 Connect the Driver to the Intermediate Power 

Disconnect the +30 volts from ~ 8 - ~ 7 .  

Amplifier at the junction of A3-Cl, A3-C2, A3-C3, A2-Cl0 and A2-Cl1 capacitors. 
2.5.2.6 Intermediate Power Amplifier and Final Amplifier 

2.5.2.6.1 Disconnect A5-Cl and A5-C2 from the junction of 
A3-C33, A3-C34, A3435, A3436 which is TP13. 

or  equivalent) with a 50 ohm cable and a suitable attenuation pad (Empire Devices, 
AT70-6 db or equivalent), 

2.5.2.62 2 Connect TPl3 to a power meter( Hewlett-Packard 434 
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2.5.2.6.3 Connect a voltmeter (Tr ip le t t  63ONA o r  equi- 

2.5.2.6.4 Connect +30 vol t s  t o  ~ 8 - ~ 7 .  
2.5.2.6.5 Adjust A3-Cl capacitor t o  maximize the  voltage 

valent)  between ground and pin K of ~ 8 5 7 .  
a 

on the  voltmeter. 

2.5.2.6.6 Disconnect the voltmeter from pin  K of ~ 8 - 5 7  
and connect it t o  TP6. 

2.5.2.6.7 
2.5.2.6.8 

Adjust A3413 t o  maximize the voltage at TP6. 
Disconnect the  voltmeter and adjust  A3433 

and A3436 capacitors t o  maximize the power at TPl3. 
2.5.2.6.9 Adjust A3-C1, A3-Cl3, A3-C33 and A3-C36 re- 

peatedly un t i l  t he  power output i s  maximized. It should be a t  least 12.0 watts. 

2.5.2.6.10 Disconnect t he  +3O vol t  from ~ 8 - 5 7 .  
2.5.2.8.12 Module A5, A 6  and A7 are adjusted at  the  

factory. 

t o  t h e  manufacturer f o r  realignment. 
the f i e l d  as follows : 

t o  A8-J6 by means of a 50 ohm cable. 

If these modules become badly misaligned they w i l l  have t o  be returned 

A s l i g h t  realignment can be performed i n  
Connect a wattmeter (Hewlett-Packard 434 o r  equivalent) 

2.5.2.8.13 Adjust t he  4 cavi ty  tuning studs, ~ 6 - m  and 
0 

~ 6 - c 2  repeatedly t o  maximize the output power. 
t o  maximize power. 

Also adjust  A5-Cl, C3, C4, ~6 

2.5.2.8.14 Disconnect the  +30 vol t  from ~ 8 ~ 7 .  
2.5.2.9 Adder Amplifiers 

2.5.2 .g . l  Insert an attenuator (General Radio, 874-GA 
o r  equivalent) between A8-J6 and the power meter so  tha t  the output power is  
delivered t o  the  meter by the fixed low loss channel of the attenuator.  

2.5.2i9.2 Connect a spectrum analyzer t o  the  variable 

a t tenuat ion par t  of the attenuator by means of a 50 ohm cable. 

2.5.2.9.3 
2.5.2.9.4 

Adjust the attenuator t o  an indicated 25 db. 

Connect an osc i l l a to r  (Hewlett-Packard 606 
or  equivalent) t o  ~ 8 5 2 .  
power t o  zero. 

Adjust i t s  frequency t o  2.27 MHz and i ts  output 

2.5.2.9.5 
2.5.2.9.6 

Connect +3O vol t s  t o  ~ 8 - ~ 7 .  
Tune the spectrum analyzer, t o  the output 

frequency (2.28 M z  approximately) and adjust  t he  spectrum width t o  10 MHz 

approximately. 
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2.5.2.9.7 Observe the spectrum analyzer and ad jus t  A 4 - ~ 6  
t o  make the f irst  pa i r  of sidebands approach 36$ of the magnitude of the modulated 

c a r r i e r  as the power of the 2.27 MHz o s c i l l a t o r  i s  ra ised t o  10 mw. All other 
sidebands.should have less amplitude than both the c a r r i e r  and the f i r s t  order 

sidebands . 
2.5.2.9.8 The remaining portions of the Adder Amplifier i s  

adjusted i n  a similar manner. 
must conform t o  the following table: 

The modulation frequency and sideband amplitudes 

Modulation Apply 
Frequency Modulation 
MHz Signal t o  

Ad j u s t  Modulated F i r s t  Order 
Carrier Sideband 
Frequency Amplitude 
Amplitude Voltage 
Voltage 

2.27 

2.34 

36% Ful l  Scale Full scale when 
modulated 

modulated 

~ 8 -  52 A4-~6 

Fu l l  scale when 505 fill Scale ~ 8 -  53 A4-Rl5 

2.34 

2.5.2.9.9 Disconnect the +30 vo l t s  and ground from A 8 - V .  
2.5.2.9.10 Disconnect the  remaining t e s t  apparatus, remove 

the  cooling p l a t e  from the transmitter. The un i t  i s  now adjusted. 

2.5.3 Trouble Shooting 
It i s  not intended that  the extensive repairs  be made t o  t h i s  

equipment i n  the f i e ld .  

t o  the  manufacturer i f  a f a i l u r e  should develop.,. If' a f i e l d  repa i r  i s  t o  be 

attempted, the bes t  approach would be t o  go thraugh the alimment procedure. 

t h i s  i s  done, comparison should be made between the measured s ignal  leve ls  and 

the typ ica l  RF Power Output tabulated i n  the Power Distribution section (2.3.3). 

It w i l l  generally be necessary t o  re turn the t ransmit ter  

A s  

A8- 54 A4-R24 Full scale when 5O$ Fu l l  Scale 
modulated 

This comparison should loca l ize  the problem t o  one stage. 

of the problem area should be made. 

conductor devices i n  the f au l ty  stage should be tes ted  and replaced i f  defective. 

A visual  inspection 

I f  f a c i l i t i e s  a r e  available,  the semi- 

2.342 
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2.6 Calibration Curves 

The following curves a re  included as diagnostic a ids  i n  the  event t h a t  

the  uni t  should f a i l  i n  the f ie ld .  Each curve shows how the var ia t ion of 

ac tua l  power or  current is conditioned t o  the d-c values as measured at  the 

respective monitor points. The correct in te rpre ta t ion  of  t e s t  r e su l t s  

requires the services of a knowledgeable engineer; but i n  general, any 

portion of the u n i t  t h a t  departs markedly from the  depicted pat tern of 

behavior i s  apt t o  be defective. 
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2.7 Engineering Drawings 

The engineering dmwlngs prepared during the development phase of 
the Vehicle Tracking Transmitter were the following: 

AlOOOl Block Magram, Vehicle Tracking Transmitter 
AlOOO2 Schematic, Vehicle Tracking Transmitter 
UOOO3 
A10004 

Main Layout, Vehicle Tracking Transmitter 
Outline and Mounting Drawing, Vehicle Tracking Transmitter 

2.8 Parts List for Vehicle Tracking Transmitter 

The parts list for the Vehicle Tracking Transmitter is given on 
the following pages. 
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